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ABSTRACT 


Datayirom 68 years in the evolution of an education 
and training organization was used to test the Mayhew- 
Ghalders harmonic series model of role differentiation 
@eeess time. Previous strategies for testing this model 
mere found to have been inappropriate, and consideration 
femcdatca Collection design was necessary to test any model 
feeeole ditterentiation. The harmonic ReGUES model, be- 
Meuse Of Special inherent properties, ene SiC to seem Ame aiat 
Seer Or the relationship of transformed variables, vaelen 
Gidemot Support the model as a formal theory. The model 
Gidnmenowever, demonstrate predictive properties which led 
mere sporoposal of an alternate model. The predictive power 
Of both models increased across time; the alternate model 
Meeeepeccer in the Carlier years while the harmonic series 
model was better in later years. Suggestion is made for 
wns @sqalenmees Gonstderation of time in further studies of 


BOlC ME enmentlatlon in fourmal organizations. 
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Pee PRODUCTION 


A. BACKGROUND 

Mmieerical studies of formal dimensions of organization 
memmeture have sought to discover patterns of association 
memween factors that lead to increases in organization com- 
fmmeeaty [Blau and Schoenerr, (1973); Blauner, (1964); Child, 
mew); Hackson, @¢t al., (1969); Samuel and Mannheim, (1970); 
Woodward, (1965)]. These investigations Hee attempted to 
develop a set of hypotheses that are SWUEI IVETE EI wre (erea = 
zable to become the basis for constructing formal theories 
mor eanization. Each of these studies has used sample or- 
memiZablons Of Varying Size, purpose, technology, and loca- 
mone co 1dentify causal factors leading to changes in 
eomolexity. 

itwomitorinal variables that have been examined extensively 
mone literature are organization size and complexity, or 
paeeeoral differentiation. Causal inferences about size 
and complexity have been generated largely from cross-sec- 
Preomieerceaearch designs, While these designs have been 
useful in dealing with rival hypotheses and in establishing 
GCOvariance, cross-sectional designs make arbitrary assump- 
tions about the time ordering of variables. Longitudinal 
data collection designs are necessary to analyze the causal 
Bei elols tmmOnmorednization Size to complexity by account- 


ing for the time order of these elements. 





In a study of the administrative structures of 194 de- 
Domements Of finance in City, county, and state governments, 
Meyer [1972] compared survey data collected in 1966 with 
data collected in a restudy in 1971 of the same organizations. 
Hendershot and James [1972] used Office of Education data on 
@eemsenool districts collected at two points in time. Haire 
me | examined case histories of four organizations in a 
longitudinal study of growth at five points in time. Moore 
mova) examined longitudinal data of one school district 


spanning seventy years, but with inconclusive results. 


Meee UERATURE ON THE CHARACTERISTICS OF BUREAUCRACTES 


IMM orosS Cert TOlal ofuares of Size and Structural 
Di ferentiation 


MecondimicmtomlalileaiI967], relationships between or-= 
maezation size and other structural components are incon- 
eoueit in that neither complexity nor formalization can be 
Meeadi1cted from knowledge of organization size. He suggested 
mesa ze may be irrelevant as a factor in determining struc- 
Mima ferentiation. 

Witenes oreposed two models to explain the 
relationship between the size of an organization and the 
DeLee MeatemenmttSs Stati personnel. In his regression model, 
Mie (@rcmencotmlns IndiGate that the effect of size was par- 
tually dependent Onwthe level of complexity in an organiza- 
Pon. /) MimitcmilocaArichmicemodels increasing size decreased 
the staff component at a decreasing rate, explaining slightly 
Meme Vanwance than the regression model. However, he rejected 


eae locaryenmic model Mimnsavoneor thewaeeression model. he 
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Zeasenced that, although the logarithmic model provided a 
Sueeontly better fit to his data, it had less theoretical 
basis than the regression model and, therefore, was unable 
to explain the social processes involved. 

Blau [1970] and Blau and Schoenherr [1971] analyzed 
mmemettects of a variety of formal characteristics of struc- 
BumenacrOss 55 employment security agencies, along with 
parallel analyses of the same characteristics among 387 
Sem@eonent divisions and 1201 local offices of these agencies. 
iter results indicated that size had a positive relation- 
ship to differentiation and administrative overhead. Thus, 
Miemebarger an Organization and the scope of its responsi- 
Peerttes, the more pronounced would be its structural dif- 
ferentiation. The same outcome was found among the agencies' 
subunits. Blau and Schoenherr reasoned, however, that large 
organizations have a greater structural division of labor; 
Mieater Size would lead to more structural components. As 
Oeemezations grew, they generated structural differentia- 
Prolemmama thus, Only indirectly raised administrative over- 
head. On the other hand, the administrative ratio decreased 
With increases in organizational size despite an increase in 
MicwcCdMmnmetmmatrve ratio resulting from differentiation in 
large organizations. They concluded that the relationship 
between size and other structural variables was nonlinear. 

A departure from the Weberian concept of bureaucracy 
has been pursued by the Aston Group [Pugh, et al., (1968, 
1969)]. Their multidimensional approach suggested a need 


POrmomlywitoun Crthogonal dimensions to describe the structure 


ial 





Cm aOTesOrPalizetion. These have been defined as (a) 
Seeveturime Of activities, which encompasses specialization, 
meatdard’zation, formalization and vertical span; (b) con- 
Semeration of authority, encompassing centralization, per- 
centage of line managers, and standardization of personnel 
meeeeeaures; (c) line control of work flow; and (d) relative 
ec OL SUPpOortive component. Pugh and his associates 
argued that the independence of these first two dimensions 
mieied that Weber's association of structuring with decen- 
mei zation was no longer useful for describing organiza- 
Giemal processes. They further contended [1969] that 
MiteeractioOns among independent structural elements allow 
organizations to bureaucratize along several dimensions. 

Site 97/2) replication of the Aston studies 
confirmed an association between specialization, standardi- 
Zation of procedures, vertical span, and formalization ex- 
Meeesed by the structuring of activities concept. However, 
centralization of decision-making was found to be negatively 
related to structuring in a way that conformed closely to 
Weber's [1946] description of the bureaucratic mode of ad- 
mie suemeryve control. 

Pome onild {| 1973) compared size-complexity regres- 
Saeismaeross ditferent industries using data previously con- 
piled by other investigators in five studies. He found that 
cz eeeneconjuncetion with technology, location, and environ- 
mental variables, predicted organization complexity. However, 
the degree of complexity had a more direct relationship with 


formalization of procedures than it did with size. Further, 
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Semmlcrmiy was ad Critical £actor in understanding organiza- 
PEOeEStructure DUt was not more significant than size as a 
Hererminine factor. 

Reimann [1973] supported the Aston group's multi- 
dimensional approach to organization structure. Ina fac- 
Mem analysis of data from 19 U.S. manufacturing firms in 
connection with the structural scales developed by Pugh, 
et al., [1968] Reimann found three independent dimensions 
Mmeerictlire: decentralization, specialization, and for- 
malization. A variety of structural arrangements appeared 
Membe Cqually viable for the 19 sampled organizations. 

Mansfield [1973] reviewed the Aston group's methodo- 
Hogy and concluded that the main variables in their research 
Memes scalar Quantities, not vector quantities, as they had 
Suggested. Mansfield defined vector quantities as those 
consisting of magnitude and direction. Scalar quantities 
were composed of magnitude only. Pugh's measures of organi- 
Maeronal structure were additive scalar quantities. His 
tests of whether these measures formed scaleable dimensions 
was pointless, since showing that they were scaleable di- 
mensions was not necessary to justify the addition of the 
item scores obtained for these dimensions. Thus, in re- 
eV eiiietimeoon's data, the direct relationship between 
Himeduchtmmezaelon and centralization of decision-making was 
found to be weak. However, size affected both of these 
Vamlioheswemlarge bureaucratic organizations were more likely 
to have decentralized decision-making than small nonbureau- 


Wwieeenole sme imereasing Size appeared to compel managers 


In 





Meo veTI behavior With rules in order to reducé the range 
Paedy sto day problems they confronted. Pugh's conclusion 
piat the bureaucratic ideal type was no longer useful may 
have been premature. Standardization and formalization were 
mound to be aSsociated with other structural variables in a 


way that was compatible with Weber's reasoning. 


2. Longitudinal Studies Involving Size and Structural 


ieee hemina t 10m 

Pomme 59 | ised case histories from four industrial 
mms tO SUppoOrt a biological analogy that related size and 
meomolexity in the regulation and description of organiza- 
miemal growth, He applied the square-cube law which postu- 
iPeeomendit, In Euclidean Spatial geometry, as volume increases 
Mapcmelbpe tinction, the surface enclosing it increases by only 
feoauare. Haire hypothesized that aS an organization grows, 
Biemiiiternal Structure needed to support internal coordina- 
mom frows faster than overall size, eventually consuming a 
@ecporportion of a firm's productive capacity. Thus, dispro- 
POmeronate structural growth across time in these functional 
Mmaegemresiulted from survival-oriented resistance to internal- 
ineeeeiien dated forces tending to destroy the organization. Huis 
Poe muncdheated that the percentage of staff increased with 
Zee meomsonle point, and then stabilized. 

Hena@enmshot and.James [1972], using data from U.S. 
SeMmoomatrotmlees dt CWO pOlnts in time, found a general 
iecitivemrelattonship between size and the adninistration- 
Pouce omratroem Additionally, differences in recent his- 


tories of growth may confound comparisons of administration 
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peeeMet LOmexatios in Organizations of different sizes, as it 
a@ece tor school districts. 

iia Study using path analytic techniques on city, 
Gounty, and state departments of finance in 1966 and 1971, 
brevet | 1972) found the effects of size on number of sub- 
teeees, Levels of hierarchy, and number of supervisors to be 
ubiquitous. Causality was unidirectional; other parameters 
Memomeanizations had almost no effect on size. The effects 
meamosizemwere preatest on parameters which managers could 
Mesemcastly Manipulate, Additionally, apparent relation- 
ships among parameters other than size vanished when the 
Mmerwence Of S1Z€ was controlled for. 

eee line narmonrc Series Model 

Mayvitiew,scomars, [19/72] drew from Zipf's [1949] 
Pememaletheory Of SOClal Organization to derive a prediction 
Pee aIStrlourion Of employees in organization roles, 
hypothesizing that when otlner Variables affecting struc- 
@umal ditferentiation are held constant, the expected dis- 
(meron Can be generated with a harmonic series. 

WaounmMary On the Materature 

Predictions from cross-sectional studies about the 
flr eerelaeroichiip Of Size and complexity as two dimensions 
Of Organization shape have been conflicting. For example, 
using the Weberian approach, Blau and Schoenherr found that 
SoOuprcomim wimleneased at declining rates with increases in 
Saget eCt, another researcher observed that complexity 


Gammoetebe implred from knowledee of an organization's size 
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ieee roo7) |. sostill another postulated that the effect 
of size is dependent on the level of complexity [Klatzky, 
(1970)]. 

Studies by the Aston group, using their multidimen- 
Sional approach, concluded that organizations may become 
bureaucratic in a variety of ways. Thus, size and complexity 
move together, but are subsumed with other variables to de- 
Bemm@ime Organization shape. Another study, using cross- 
fe@mlonal data, confirmed the Aston group's finding that 
meecepredicted Complexity, but concluded that complexity 
interacts more with formalization than size to predict struc- 
ture {Child, (1973)]. Mansfield [1973] has suggested that 
the Aston group interpreted the measurements of their main 
variables incorrectly. Scalar quantities were discussed as 
Mmmmmiioy Were VECtOr dUdntities, thus limiting the predictive 
power of the Aston group's multidimensional approach. 

Momeimencamal studies have also drawn different con- 
mitictons from empirical data about the effects of size and 
complexity on structure. One study concluded that as size 
increased over time, complexity increased in the form of a 
disproportion of resources allocated to staff and clerical 
poo memomcetOr internal control, coordination, and communica- 
tion [Haire, (1959)]. Another study suggested a negative 
relationship between size, growth, and the administration- 
puodwerronenatio [Hendershot and James, (1972)]. Yet another 
PMMGmeicowerreect of SiZC On other structural variables to be 
pervasive [Meyer, (1972)]. The reason underlying different 


Mmenenenatlons Of the empirical data may be found in the 
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Gatterenteanalytic techniques applied to the data, and in 
the research designs themselves. 

iicmstruletinalm determimants of organizations have 
meen created in the literature primarily at one or two 
Memmits im time. Size and complexity have not been con- 
eeediered in terms of process. To the extent that size and 
momplexXity tnmteract with each other and other structural 
Meartables across time, the analysis of data spanning a con- 


tinuous period of time should refine empirical insights. 


MO BIECTIVES OF THIS STUDY 

This study seeks to examine the harmonic series model 
developed by Mayhew, et atl., [1972]. Time series data was 
pple wed tosinvestigate the effects of time upon the size- 


@omebexity relationship in the harmonic series form. 


Wh 





Pina trOovpOLOGY 


fweeetHeE SAMPLE 

ne data for this study was gathered from a California 
Mmerred School District. The district was established in 
meeeeeand through fiscal year 1945 operated as two school 
systems, one for elementary grades and the other for a high 
Zanoore A single Board of School Trustees composed of three 
Peeeetecdad Tesident citizens presided over both systems. The 
Clerk of the Board, one of the elected members, maintained 
Sem@erate Linancial records and minutes of Board meetings 
imme dcen OL tite two districts. Unification of the two dis- 
fects in fiscal year 1946 resulted in consolidated record 
Keeping. In 1946 the Board membership was also enlarged 
momeenve €lected residents of the town. 

ieercamoicmool! Histurcts in California operate under 
Geeee law, with some financial supervision at the county 
Tevel, but are basically autonomous in their management. 
Uieeed districts differ from other Ceili Boma SenOO Udi s< 
Pe minnraAat they mMuSt contain at least four elementary 
Sene@olus, ein addition, at least one high school must be 
Toedecauimmene general peered area Ox wie Amebie gc lticr. 


Hemedmyeschiools (California Education Code, 1972). 


Pe veelGN OF DATA COLLECTION 
fniviteseommene distulet’s Board of School Trustees, 


dimniomenometiscal year 1905 through 1962 provided most of 
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Premadtaeon structure for those years. Accompanying finan- 
Sumeeiceonrds £Or the £1Scal years 1905 through 1911 and 1917 
Gioman LIZZ were also obtained. School district telephone 
Gumectonz1es listing all school employees by position from 
fuscal years 1959 through 1974 were used to develop or- 
mamization charts for these years. Surviving copies of a 
aeoeument entitled "Principal's October Report" were used to 
mame high School structure and roles, and to cross refer- 
ence the available financial records on teachers' and ad- 
first rators' salaries for fiscal years 1915 and 1916, 1918 
fMmeougch 1927, and 1929 through 1974. With the permission 
Mumeie COUMtY oluperintendent of Education for Business, 
annual district reports to the state summarizing Average 
Homey wAtTLendance, total receipts and expenditures, capital 
meray. total teachers’ salaries, and total administrators' 
Bilbontes, were reviewed. These provided further data for 
ieccal years 1905 through 1974. In addition, these reports 
tisted the number of administrators by category, supervis- 
migeand NOoN-Supervising, and total number of elementary and 
high school teachers for fiscal years 1905 through 1938. 
Giemareh sehnool Principal from fiscal years 1952 
Mimo; 2 Was contacted to clarify apparent discrepancies 
Mmiewemacdemeronm these years. Moreover, the high school 
Pwimetnniammrwen 11scal years 1921 through 1948, through writ- 
Pimuwecenons, provided additional structural information 
(mene acaesmspanniang his tenure. Ihree fiscal years, 1956 
through 1958, were excluded from the sample because of the 


fic ounce ltanle information concerning the number of high 
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Senoor roles in existence and teachers employed during this 
Perm od. 

Data analysis began with construction of an organiza- 
mien Chart for each fiscal year. California law requires 
Sremmescniool district to dissolve and re-form each July 
Bealytornia Education Code, 1972). The Board of Trustees 
Meually conducted hire-rehire interviews for all school en- 
ployees during May and June of each year. However, the 
Board attempted to fill all new or vacated, formally de- 
fined, positions whenever the situation arose during the 
wee ihus, the records of monthly meetings and special © 
meetings of the Board for the 59 available years were used 
to ascertain necessary modifications to the organization 
anes, Part-time and full-time positions were differentiated. 

MehicemOomedhl DOSItloms was prepared for each year indi- 
Siem tne number OL people in each occupation on either a 
full-time or a part-time basis. Individuals could hold full- 
time and part-time positions simultaneously, e.g., fellate are 
teacher and part-time librarian. That individual would be 
Pouneccandseone employee in two roles, one full-time and one 
pamtotmicw by Gefinition, no individual held more than one 
full-time position. This study is limited to an analysis of 
Pees Cimee positions. 

Rolcomwcreoetamkea according to the number of people in 
ProMmoOccunaaloleas for example, the role with the largest 
Mmunmwer Of OGEUpants was ranked one, the role with the next 
Piaveoremumber Of OCeCUpants was ranked two, and so on. fies 


were ranked in arbitrary sequence. The resulting distribution 
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Gamemiiutead the vobserved rank-frequency distribution of 
momes tor serial ranks. A second distribution of roles, 
more average ranks, Was generated by assigning the mean of 


eayacent tied ranks as the rank. 


WeeeaNALYSIS STRATEGY 

Meabaaew, er al., (1972) have defined the occupational 
Mimeteture OL a formal organization mathematically as: 

n = the number of different occupational roles in the 
formal systen; 

Se- the size (number of employees) of the formal systen; 

f. = the number (frequency) of employees in the te Oe 
ieee onal role ; 

eee thesuank of the ee Cecupavtlonmal role according fo 
deereasing values of f(r imtceene mean Ofe the largest 
category, Yr, = Aero e thematic nOt tie Mext bareest Catepory , 
Cte... ) ; 


Pe lCmiaeomodt the force Of Unification to the force 


of diversification, where, under the harmonic series model, 


log f. log f, - log f. 
anigen ° ! Ie [SiS Tog tr, ; (1) 
SS. 5 5 Tino 


iis weunder the model , 


zs Pe 72 ic 
f. (n/r. ) fir. fOmeerdd isi, and 
S =nP + Gal Dy 1 (n/n)? 
= ve “le ar les ey 
fii 0 f,2 + tf fin f, i f., i P fo: 
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Eaton (1) “ean be rewritten as 


log f. log f, > | =]0))) less T., Hor all 1, or 


lop (eae uoyes T.. (2) 


log f. 

For a given sample, p can be calculated by regressing 
Meee t On log r as in (2), and expected values of f can be 
moaeraced. An appropriate goodness-of-fit test can then 
be applied to determine how well the harmonic series model 
Zmeeoene sample, Mayhew, eb ai., [1972] employed the Chi- 
amare goodness-of-fit test in their analysis Oe ele lelene= 
monic series model. Their use of the Chi-square statistic 
MmetmeeSted with these samples, both for serial ranks and 
average ranks. 

Under the model, equation (2) specifies the relation- 
ship between log f and log r to be linear; thus an appro- 
fetes test Of the linearity of that relationship also tests 
miecmappropriateness of the model. A test for linearity be- 
tween log f£ and log r was performed on each of the 67 sam- 
ples, for serial ranks only. Reasons for omitting average 


ranks in this case are discussed in Chapter IV. 
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Piece (REGAL FINDINGS 


Micmmcct ron 1inecamtey revealed no strong evidence for 
the harmonic series model as a formal theory of organiza- 
mon role differentiation. Table II shows that acceptance 
Greene Null hypothesis that log f and log r are linearly 
mepated Occurred in only four of the 67 cases. 

liijemene-sauiare teSt or the null hypothesis that the sam- 
ple of observed frequencies was drawn from the expected 
distribution appeared to support the harmonic series model. 
imewe ver, this was found to be a premature conciusion. 
meeener discussion of this point appears in Chapter IV. 
Results of the Chi-square test, for serial and average ranks, 


are presented in Table I. 


ZS 
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awe we varuCwote: Generated in Testing Hj: log f is 
Mine wm ere laced to log r (Reject H, if 
femcomiuctmemanreater than Critical ¢ 


Year Generated ¢t Crate als? 
1905 G01 AUS 
1906 6.01 AOS 
1907 G20 A505 
1908 6.01 4.303 
1909 ‘oy (ak 4.303 
1910 Oys0a. 4.303 
1911 O45¢ Zoe | 
1912 CAS Seo 
1913 LOSS 2.447 
1914 ID) ts fe thay 
1915 LOSS WE SONS 
1916 M0 Ue 4 SOE 
1917 9.91 2, 506 
1918 Osos 2.365 
1919 LO (US I SOS 
1920 LO 3102 2.505 
192 1 6.82 Ze SUG 
HOT 2 9.79 fee NOS 
1923 9.07 ZZ 
1924 1070.9 Zee Onl 
1925 aS Lac 
1926 Wee: Zee Ol 
S27 O56 foe LIAS, 
1928 2.49 lee 15,804 
1929 544 27 Oo 
1930 5180 Zales), 
1931 8.96 IAL 
IS) iam 4.86 2.120 
1933 6.29 Je fa @ 
1934 ie oS PO 
1935 6.48 Zl O 
1936 6.47 WA 
1937 Soil pee ea | 
1938 Sera Ze Salk 
1939 ae me) 22145 
1940 4.39 7 eo 
1941 Sug sill 2 MUG 0 
1942 * =: 
1943 2.40 ire lesal 
1944 5.51 2279 
1945 3.96 2.160 
1946 64.25 Ze AS 
1947 770 Pa Pelli al 
1948 6.18 Dat 0 
1949 5.46 1 IAN) 
1950 Or 20 NAY 
195 1 Coats 72095 
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Pome Ils Continued 


HD 2 4.04 22,074 
oD 3 \ Sha Se! ZANSZ 
1954 eral Ze) Os 
JL eeays) ow 0 2.060 
9 3.40 Zion 
1960 CoS Za 
Saal Seo 2 Zeus 
1962 SARS ZS 4 
EO: 5 Sie hed Z AES 
1964 Siac Z 0A 
1816.5 4.47 20 led 
1966 2.48 ZOE 
1S 6.7 Z . 

1968 =" > 

EEG 9 Sasa Oe ZU 
97 0 ee, CS 
no 7 1 4.25 2.003 
oe Z oe ZnS 
ie 5 Ih ei aoe 
1974 V0 5 ey 


ammo, Was cenerated by these samples and therefore the 
linear relationship was accepted. 
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Pee rocco. LON 


Petco loerOR GOODNESS-OF-FI? OF THE HARMONIC SERIES MODEL 

Momceplalmed in Chapter Ll, a theoretical distribution 
Mace nerated for each sample, resulting in 6/7 cases in 
Pijeeniea model was to be tested, using only one sample in 
Pemmease.) tests for goodness-of-fit were thus restricted 
Momone-sample tests of which only two are found in the 
ibeerature: the Chi-square test and the Kolmogorov-Smirnov 
Sieasample test. 

Moore [1974] applied the Kolmogorov-Smirnov two-sample 
Seeterecest to the same data used in this study. Since the 
miperere nullwhypothesis in the use of any two-sample test 
1s that two samples were randomly drawn from the same un- 
Micmmmailstrioutcion, has approach waS inappropriate. Addi- 
tionally, employment of the Kolmogorov-Smirnov test assumes 
Piemaneependent Varrvable to be continuously distributed 
[Siegel], Peo ints was Tot true in this study -- the 
Mmiceneonvchmvariablée (rank) was highly discrete. Use of the 
Kolmogorov-Smirnov one-sample test was therefore rejected. 

(Piemeitasetlancstest was also found Go be inappropriate 
MimEidemitereduires expected frequencies in ¢ach cell to be 
maeeatcreguan tive. Siegel [1956] and others suggest group- 
Ing data to overcome this restriction. This would not have 
MeooimappLeprtate,~esincesit is the nature of organizations to 
Zaevetunbewenemselves with a large proportion of roles oc- 


cupied by fewer than five members. 
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If this restriction had been overlooked, the erroneous 
conclusion would have been drawn that the model did indeed 
meeeene data, Also, it appears that use of the Ghia square 
mestein dgnvestigatinge any hypothesized distribution of menm- 
bers among roles would be inappropriate, which leads this 
feemeeh §to suspect the validity of the results obtained by 
meme w, et al., [1972]. 

The different results obtained by using average and 
serial ranks also contradicted James's [1974] contention 
that it makes no difference which ranking scheme is used. 
fWeeeeoliNG POR LINEARITY OF THE RELATIONSHIP OF log f TO 

oo 1 

i. &ffects of Average Ranks 

Meo curemmime the regression of log £ on log r, both 
Tmraie ranks and average ranks were used to generate expected 
Wess ton the Chi-square tests. The consistently "better 
Paemirencved through average ranking prompted close in- 
Spection of differences between serially-ranked and average- 
meiced data. 

Data from a representative sample as shown in Figure 
1. Note that where tied ranks existed, serially-ranked data 
preserved the uniqueness of each role, while average-ranked 
Gaeta rGemote thas property may not have affected the 
Meacu squares linear f£1t to untransformed data -- results 
iomscetialwamcdeaverage ranks might have been identical. 
Mowever, when a nonlinear transformation 1s applied to either 
or both variables, different results would be expected, as 


happened in this study. Similarly, different results would 
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Sbserved Frequency 


Gel observation} 


15 (1 observation) 


Mie{l observation) 


mei l| observation) 


moe(2 observations} 


9 (1 observation) 


8 (2 observations) 


fel observation) 


Oe(c observations) 


5 (1 observation) 


ees ObServations } 


3 (7 observations) 


weet? oObServations ) 


1 (19 observations) 


keeoure 1, 


Serially-ranked and average-ranked 
mepresSentative sample (1905). 


SA. 


Senegal an K 


5,6 


8,9 
10 
11,12 
ile 
14-17 
| Bena 
5-31 


52310 


Average Rank 


ILS 


ZA 


28 
41 


Gleneel ons 2) 





Demerriecemed Inman tinc any nonlineer model to the original 
data, as was the case in this study. 

Agdes trom Figure 1, notice that the number of ob- 
famveattons for which tied ranks occurred is substantial, 
and that observed frequencies of three or less constituted 
eeemetats the Sample. In using average ranks, after appli- 
Gation of the log transform to each variable, this high 
Someoniration Of observations in only three distinct data 
pemmes had the effect of forcing the least-squares linear 
model very nearly through those points, and created a bias 
toward linearity. For this reason, the average ranking 
scheme was not considered in testing the linearity of the 
moor log r relationship. 

fete Linearity Test 

NOmuce nor elincatity., a stepwise multiple regression 
Siote mand Huang. (1974)] of log £f on log r, (log r)*, and 
fiver) wase performed for each sample, forcing the linear 
Peonmeelog ©) tomenter first. The most significant of the 
Matic aemtnercubaceterms then entered the regression, 
with the remaining term entering third. Both the second 
and third terms were required to have an F-ratio higher than 
Sule tomenter the regression. 

Nem@icrend Of Dotmethe second and third steps, the 
null hypothesis, that the coefficient of the term which had 
entered was zero, was tested at the .05 level against the 
Evo-sided alternative that the coefficient was different from 
zero. This was accomplished by comparing the ratio of the 


Secceetelent to 1ts Standard error to the associated ¢@ 
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Meee iste, —repecting the mull hypothesis when the calculated 
Tatio was the larger of the two. As suggested by Miller and 
Pacund (MGSiIe ii either coefficient was concluded to be 
nonzero, it was inferred that the linear term was insuffi- 
mmeme to explain the relationship between log £ and log r, 
and thus that the relationship was nonlinear. If neither 
mmemdtdaratic mor the cubic term entered the regression, 
it was concluded that the linear term was sufficient and 
meee the relationship was linear. 
Teco tomOmeene Linearity Tests 

NiiWucmibiicd@td evemasere lected in 65 Of the 67 Samples, 
MemudicemOLoderhat correlation coefficients of log £ to log r 
tended to be greater than 0.95, suggesting that, although 
the harmonic series model could not be accepted as a formal 
mci or Organizational role differentiation, it did have 
Bemomenoredictive properties. Therefore the residuals of 
several samples were examined. It was discovered that the 
residuals themselves behaved in what appeared to be some 


Eeeteor exponential fashion, suggesting 


log(log f;) = b - q(log r,), 
or (3) 
log f; = er, 4, 
where b and q are positive constants, as an alternate model 
MOntNy wOmmimVvestigation, 
The relationship specified in (3) above can also be 


expressed as 


r.¢ 
f. = k(e i), where k = f£,/e, 
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Pibeemelves the explicit relationship of £ to r under the 
mibeerTiate mode! - 
ee ea Cicer ternate, Model 

Because the harmonic series model had good predic- 
meve properties, the alternate model was tested by comparing 
it with the harmonic series. Log(log f) was regressed on 
log r and expected values of f were generated. Errors be- 
myeen the expected values and observed values, in log-log 


fmenmm, were calculated for each model as 


log(log oe aloe | Log fi) 


where f. denoted the ae observed value and fi denoted the 
pe expected value. These errors were then squared, summed, 
pdeaveraged Over n to obtain adjusted mean square errors 
moreeach model for comparisons. The model with the lower 
adjusted mean square error was inferred to have better pre- 
imetive properties for the given sample. 

Resuts sObDtaimcasim calculating the mean square 
EmuOrs are presented in Table III. These results show that 
Miemolteriate model had Consistently better predictive 
peopertiies prior to 1942, while the harmonic series model 
Maameconcastently better predictive properties after 1958. 
Moeeene years 1942 through 1958, neither model could be said 
to be better than the other. Also shown is a downward trend 


in the error terms over time for both models, although the 


meena wasemore pronounced for the harmonic series model. 
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Table III. Mean-Square Errors of the lIlarmonic Series Model 
Van icine wlrrorsmor the Alternate Model 


WhO) oem OD 4 MSE for 
Year Harmonic Model Alternate Model 
1905 0.107 0.056 
1906 Oey 0.056 
1907 0.120 0.060 
1908 0.134 0.064 
1909 O2o34 (Om Okey! 
1910 OF IAC 0.060 
1911 0.097 0.056 
1912 Oy ea! 0.064 
1a Oe OS7 0.036 
1914 0.079 je s4 
1915 O20 77 05.035 
1916 O20 0y 0.033 
1917 0.068 0.034 
1918 Oj (0) 99) 0.035 
1919 O07 7 02035 
1920 0.084 0.038 
1921 0.060 0.025 
1922 0.097 0.041 
S23 0.091 0.044 
1924 0.084 0.043 
1925 0.092 0.045 
19:26 07092 0.045 
e927 0.076 0.029 
1928 0.039 0.024 
1929 Or20'4 4 O02 35 
1930 02055 0.024 
1931 O06 2 02024 
1932 O05 i O02 .4 
1933 0.062 0.027 
1934 O20 57 Og025 
1955 02,055 0.024 
1936 0.049 0.019 
1937 0.034 0.019 
1938 0.026 0.016 
1939 erie 0.016 
1940 ees 7 0.015 
1941 0.022 O20 20 
1942 0.023 0.028 
1943 0.027 020235 
1944 0.026 0702.6 
94'S 0.024 O02 
1946 0.030 0.028 
1947 00S OOS 
1948 CAWRS 0.026 
1949 0025 0.024 
1950 GOs 0 0:26 
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Vem CONGCEUS TONS 


POO UNESS-~OF-FIT TESTS AND ROLE DIFFERENTIATION 

because 1f£ 1S the nature of organizations to structure 
themselves with a large proportion of roles occupied by 
fewer than five members, the Chi-square test was found to 
Pemmappropriate in testing goodness-of-fit cf role dif- 
ferentiation data to any hypothesized model. Assumptions 
of other one-sample tests were also violated, pointing to 
Mmiemnecd LOr two or more samples of equal sizes {in terms 
of number of roles) in testing any model which is defined 
himriet DY Organization size. Further investigation of this 
fewer Ss destrable, as it would help determine appropriate 


Gemmeria for future data designs. 


Bee 1iME-SERIES DATA AND THE HARMONIC SERIES MODEL 

While the harmonic series model was rejected as a formal 
Picemmol Organizational role differentiation, its useful- 
ieoemaseampredictor was found to increase across time. The 
alternate model also showed improvement over time with re- 
SeeemmtOo predictive power. These findings suggest a rela- 
tionship between time and organizational structure and 
demonstrate the need for consideration of time as an inde- 
moemdent Vartable in Studies of organizational role 


Gtretrernentiation. 
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